Abstract. The VSC-HVDC connection system will be the effective transmission method for the large scale and long distance integrated wind farm. Because of the fluctuating power, the DC voltage will be over-voltage or under-voltage in transmission line which will affect the steady operation of the wind power integrating system. In order to mitigate the DC voltage variation of the grid-connected inverter on the grid side and improve the dynamic response of the system, a load current feed-forward control scheme is put forward. Firstly, this paper analyses stability of a system without additional feed-forward control based on double close loop. Secondly, the load current which can indicate the power changes is introduced to counteract the fluctuation of DC voltage in the improvement control scheme. By simulating the results show that the proposed control strategy can improve the dynamic response performance and mitigate the fluctuation of the active power output of the wind farm.
INTRODUCTION
Because of gradual exhaustion of the fossil fuel and serious environment pollution, the exploitation and utilization of renewable energy is inevitable choice for solving energy and environment issue. However, wind power energy, as a clean and renewable energy, is widespread, inexhaustible and green non-pollution, which exploitation has brought worldwide attention. In recent years, wind power industry has been rapidly developed in China. Due to the inverse distribution between wind energy and load demands in China, high voltage long distance power transmission technology should be adopted [1] . So is offshore wind power transmission.
At present, power energy is basically supplied to relatively close load center from an energy base by the High Voltage Alternating Current (HVAC) transmission system. If the transmission line cross long distance, a large number of capacitive reactive currents would be generated in HVAC system. Reactive power compensation devices need be installed [2] . The HVAC is not suitable for long distance transmission. With the fast development of electric and electronic technique, High-Voltage Direct Current (HVDC) electricity transmission technology is widely applied. Compared with HVAC, the traditional HVDC based on current converter can not only transfer heavy capacity to far distance but also can be controlled flexibly. Phase controlled mode with thermistor is always used in HVDC converters which need large reactive power to meet commutation. Analyzing the disadvantages of both methods, HVDC Light as a new-type HVDC based on Voltage Sourced Converters (VSC) Technology appears and gradually popularize. VSC-HVDC included VSC and Insulated Gate Bipolar Transistor (IGBT) and PWM control technology. IGBT is a voltage-controlled device and has high switch frequency, low loss, high power factor and no phase change failure. So this transmission can realize independent decoupling control for active and reactive power, reduce harmonic content of the output voltage and current. VSC-HVDC can solve many problems which exist in traditional HVDC and has been used in renewable power integration in recent years.
However, the variable and intermittent of wind speed result in fluctuation of the output power in the wind farm which will severely affect power quality of integrated power grid. If the wind power is connected by VSC-HVDC, it would cause the fluctuation of direct voltage. In order to reduce the DC voltage fluctuation and reduce the side effects on the grid, an improved method is presented in this paper. Firstly, by analysis of the control strategy of double close loop, the formula to calculate the PI parameters is achieved. And the stability of the system is improved by parameter design. But when the load current appears as a distance signal in the control structure of the outer voltage loop, the stability and dynamic performance of the system will vary with the load current. So, this paper adds load current feedforward controller to double closed loop control of grid-connected inverter. By simulation analysis, the control method is effective and feasible.
THE VSC-HVDC SYSTEM AND GRID-CONNECTED INVERTER MODEL
A structure of wind farm connected to the main grid via a VSC-HVDC is shown in Figure 1 . VSC-HVDC consists of AC filter, DC capacitors (C), converters, phase reactors, transformers and a DC cables. The converters are VSCs employing IGBT power semiconductor, one operating as a rectifier and the other as an inverter. Normally, the converters are connected to the AC system by transformers. The function of the transformers is to transform the voltage of the AC system to a level suitable for the converter. The function of the DC capacitors is to provide an energy buffer to keep the power balance during transients and reduce the voltage ripple on the DC side [4] . 
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Where us2d and us2q are the d, q axis components of AC side voltage respectively (us2d=Us2d, us2q=0); is2d, is2q are the d, q axis components of AC side current respectively; il is current of DC side which is referred as load current; idc2 is DC current which enter interver; u2d, u2q, i2d and i2q are the d, q axis components of link-side voltages and currents respectively.
THE CONTROL STRATEGY OF DOUBLE CLOSE LOOP AND STABILITY ANALYSIS
The grid-connect inverter control strategy adopts double closed loop control which based on d-q synchronous rotating frame has been widely used. Outer voltage loop and inner current loop are separately used as voltage regulator and current regulator. Inner current loop is designed firstly. According to PI regulator, inner current space vectors is2d and is2q are
According to formula 3), d and q axis current have the same control structure, only d axis current is taken as an example to develop its design. Considering the delay of the current loop signal sampling and small inertia characteristic of the PWM, Ts is sampling period of PWM switch, KPWM stands for equivalent gain of PWM, 0.5Ts simulates the small inertia time constant of PWM. In order to simplify the structure, combining the two-small time constant Ts and 0.5Ts, which is equivalent to constant 1.5Ts, control structure is shown in Figure 3 (d-axis) [5] .
Simplified structure of inner current loop Remarkably, when the PWM's switching frequency is large enough, the effect of small time constant 1.5Ts can be ignored [6] . Therefore, its approximate structure is shown as shown in figure 4 . For enhancing the anti-interference performance of inner current loop, typical Ⅱ-type system is adopted. So the closed loop transfer function of the current inner loop is formula 4).
The transfer function of the inner current loop can be approximately equivalent to a first order inertia link. Inner current band width satisfies , the PI parameters can be computed.
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When the switching frequency fs=2000 Hz and damping ratio ξ =0.707, the PI parameter of current inner loop are calculated (kip=0.775, kii=15.5). The stability of the close loop transfer function of the current inner loop is analyzed by using pole zero map. The zero-pole distribution are shown in Figure 5 . From figure 5 , it can be confirmed that the closed loop system is in stable state under this case. According to Figure 8 , the performance indexes of the system shows that the rise time tr is A (tr=0.0364s), the peak time tp is B (tp=0.0922s), the adjustment time ts is C(ts=0.191s) and the Overshoot MP is 17.7%. Generally, the VSC is controlled by PWM. Therefore, when the modulation ratio of the grid-connected inverter is m ( (6) The DC voltage control strategy adopts PI controller. According to reference [7] , in double closed loop control system, the response speed of the inner current loop is largely faster than outer voltage loop. Therefore, the transfer function of the inner current loop can be approximated to 1 when the outer voltage loop is analyzed (
). The structure of outer voltage loop is shown in Figure 7 . Obviously, il is an external disturbance signal to this control system. When il changes, it firstly affects the DC output voltage udc2. According to figure 7, the Gu (s) is PI control transfer function of outer voltage loop, formula 7) is followed 2 4
The voltage closed-loop transfer function is According to the control theory, the system's stability and dynamic performance depends on the poles of the closed loop transfer function [8] . In formula 8), load current il and PI parameter appears in the denominator polynomial of closed loop transfer function. When the PI parameters are given, the stability and dynamic performance of the system will be decided by the il. In this system, 9 MW wind farm is composed of 6 generators, the rated power of each generator is 1.5 MW, the rated line voltage is 575 V, the stator leakage inductance is 0.1248 p.u., the rotor leakage inductance is 0.1791p.u., the number of pole-pairs P=3; VSC-HVDC system simulation model parameters are shown in table 1. 
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Before the improvement is applied in control strategy of grid-connected inverter, measuring active powers are shown in figure 10 . Active powers are in stable state before 1.5s. When wind power dropped 0.3p.u. in 1.5s, active powers are fluctuating on both sides of AC and DC,and powers restore smooth through 0.05s. But the wind power rises back 1.0p.u.in 1.7s, at this time. In this process, the energy consumption of the load is supplied with capacity C and AC source. At 1.5s the capacity C of DC side is releasing energy and the capacity is absorbing energy at 1.7s until the power is stable. This traditional approach causes the change of the amplitude of the DC voltage and the power current will be a significant distortion. Through the improvement of control strategy, the comparable simulation results are as follows. Figure 11 is alternating DC voltage of simulation waveform before and after adding feed-forward control. From this picture, improved the system has a fast adjustment to the disturbance of the load current and reduce DC voltage fluctuating. Alternating active power in DC side of grid-connected inverter is shown in Figure 12 . Comparing the alternating active power in DC side of grid-connected inverter before and after improvement, the improved strategy can export stable active power. And Figure 13 is active power in AC side of grid-connected inverter. It reflects the change of active power in AC side. Because DC voltage is lower than the minimum voltage required to control the power current as a sine wave, the power current will be a significant distortion. The distortion of the power current is shown in Figure 14(A) . By improved control strategy, the distortion of the power current can be ameliorated in Figure  14 (B). 
CONCLUSION
In order to solve shortcomings of traditional control method, the control strategy based on load current feedforward is proposed. Firstly, it can eliminate the poles with changing load current, which makes the load characteristics of the rectifier no longer affect the stability and improve the dynamic performance of the system. Secondly, it can make the DC capacitor voltage stability, smooth active power in DC side of the grid-connected inverter and reduce the distortion of the power current. 040012-8
